Objectives: To study the association between content in adipose tissue of very long-chain n-3 fatty acids, trans fatty acids, linoleic acid and a-linolenic acid and risk of a ®rst myocardial infarction. Design and subjects: A case-control design among 100 patients and 98 population controls both men and postmenopausal women, age 45 ± 75 y. Adipose tissue fatty acids were determined by gas ± liquid chromatography. Intake data were obtained through interview using a validated food frequency questionnaire. Results: Dietary intake and adipose tissue content of the fatty acids studied correlated signi®cantly. Adipose tissue contents of eicosapentaenoic acid (20:5n-3), docosapentaenoic acid (22:5n-3) and docosahexaenoic acid (22:6n-3) were signi®cantly lower while those of trans fatty acids, linoleic and a-linolenic acid were signi®cantly higher in patients than in controls. Age and sex adjusted odds ratios (OR) were signi®cantly reduced with increasing quintiles of very long-chain n-3 fatty acids, thus the OR in the ®fth compared to the ®rst quintile was 0.23 (95% CI 0.08 ± 0.70). After further adjustment for waist-to-hip ratio, smoking, family history of CHD and content of trans fatty acids, the OR in the highest quintile was 0.17 (95% CI 0.04 ± 0.76) and the P for trend 0.016. Age and sex adjusted OR was increased in the ®fth compared to the ®rst quintile of trans fatty acids (OR 2.81, 95% CI 1.16 ± 6.84), linoleic acid (OR 2.10, 95% CI 0.87 ± 5.07) and a-linolenic acid (OR 1.96, 95% CI 0.83 ± 4.61), and P for trend was 0.002, 0.005 and 0.020, respectively. The trends remained signi®cant after adjustment for waist-to-hip ratio, smoking, and family history of coronary heart disease. Trans fatty acids, linoleic acid and a-linolenic acid in adipose tissue were strongly correlated, indicating a common source, most likely margarine. When each of these fatty acid species were adjusted for the two others the trends were no longer signi®cant. Conclusion: Intake of very long-chain n-3 fatty acids as re¯ected in adipose tissue content is inversely associated with risk of myocardial infarction. Trans fatty acids, linoleic and a-linolenic acid were intercorrelated and associated with increased risk. It is suggested that the increased risk may be connected to trans fatty acids or to some other factor associated with margarine consumption.
Introduction
Increased plasma levels of low-density lipoprotein (LDL)-cholesterol is the dominant risk factor for coronary heart disease (CHD) and recently published secondary (The Scandinavian Simvastatin Survival Study Group, 1994) and primary preventive trials (Shepherd et al, 1995) have shown that reduction of plasma cholesterol by HMG-CoA reductase inhibitors is associated with a signi®cant reduction in mortality from CHD. LDL-cholesterol is strictly correlated to total cholesterol and at the population level total serum cholesterol is primarily determined by the content of saturated fatty acids in the diet (Keys, 1980) . In the 25 y follow-up of the Seven Countries Study, dietary intake of saturated (and trans) fatty acids was found to be associated with increased CHD mortality (Kromhout et al, 1995a) . On the other hand it has become clear that differences in mean cholesterol levels among populations cannot totally explain the differences in CHD mortality. In the 25 y follow up of the Seven Countries Study a three fold difference in CHD mortality was found between different populations at the same cholesterol level after adjusting for age, cigarette smoking and systolic blood pressure (Verschuren et al, 1995) . It thus appears that the expression of risk may be modulated by a number of other dietary factors than saturated fatty acids, some being potentiating and others protective. A number of factors have been discussed in this context, eg fruit and vegetables, ®ber, antioxidants, very long-chain n-3 (omega-3) fatty acids, trans fatty acids, alcohol and coffee. In particular, in high risk populations such factors may be decisive in determining those who get a myocardial infarction and those who do not. Such factors may in¯uence risk through mechanisms such as aggregation of platelets, ®brinolysis, LDL oxidation and cardiac arrhythmia. Among fatty acids, a-linolenic acid and very-long-chain n-3 fatty acids in particular have been proposed to favorably in¯uence risk through mechanisms other than through effects on serum lipids (de Deckere et al, 1998) .
The measurement error of methods used to obtain information on dietary intake is generally too large to give precise information on the risk associated with particular nutrients. Use of biomarkers with long half-life may reduce the differential information bias, which is often a problem in case ± control studies. For this reason biological markers for intake are preferable to dietary measurements in such studies. The long-term intake of fatty acids not formed in the body is re¯ected in the content of these acids in adipose tissue (Beynen et al, 1980) . For assessing risk associated with intake of such fatty acids, the composition of adipose tissue fatty acids may thus be used. In this case ± control study we have correlated the risk of having a ®rst myocardial infarction in a moderately high-risk population to the content of very long-chain n-3 fatty acids, trans fatty acids, linoleic acid, and a-linolenic acid in subcutaneous fat.
Methods
Design and subjects A total of 112 cases with a ®rst acute myocardial infarction and 107 controls were recruited during 1996 according to the same eligibility criteria. Eligible subjects were native men and postmenopausal women, aged between 45 and 75, without previously reported myocardial infarction or other serious disease (cancer, diabetes, alcohol or drug abuse, major psychiatric disease) which might affect their dietary patterns. Subjects with weight changes more than 5 kg during the last year, or using hypolipemic drugs, were excluded from the study. Informed consent was obtained in accordance with the ethical standards set by the committees on human experimentation. Of those asked to participate 5% refused.
Incident cases were diagnosed (typical history, ECG and enzyme changes) with a ®rst myocardial infarction (MI; ICD 9-code 410), and admitted within 24 h of manifesting symptoms to the coronary care units of éstfold Central Hospital, FredrikstadaSarpsborg and Ulleva Êl Hospital, Oslo. Two of the patients had angina prior to the infarction, but no dietary changes had been made.
Controls were recruited from the population in the catchment areas. They were selected in order to correspond to cases in terms of sex, age (5 y interval) and geographical location. As it was thought that low response rates from population-based samples would compromise the internal validity of the study, controls were recruited among friends and acquaintances of the cases, state and municipal employees and people attending recreational centers for elderly and retired. Thus, controls were drawn to represent the exposure levels in the populations giving rise to cases. An effort was made to recruit the control subjects within 2 months of the MI episode of the corresponding cases in order to avoid seasonal variations in the dietary pattern.
Samples
Subcutaneous adipose tissue was taken from the buttock by needle aspiration as described by Beynen and Katan (1985) . In cases the adipose samples were taken within 4 days of admission to hospital. The samples were immediately frozen on dry ice and stored at À70 C until analyzed. Needle biopsies were obtained from 112 cases and 107 controls. No fat aspirate or a sample too small for analysis was obtained from 12 cases and nine controls, leaving a total of 100 cases and 98 controls from whom satisfactory results for fatty acid composition of adipose tissue were obtained. Fasting blood samples were drawn and stored at À70 C until analyzed in a central laboratory. For most cases samples were obtained within 24 h of onset of symptoms, although in some of the cases admitted to the Ulleva Êl Hospital the fasting blood samples were drawn within 3 days of onset of symptoms.
Anthropometric measures (weight, height and waist and hip circumferences) were taken directly from all subjects after a detailed interview on cardiovascular disease risk factors and dietary habits.
Fatty acids in adipose tissue biopsies Fatty acids were determined by gas ± liquid chromatography. Extraction and direct methanolysis were modi®ed from Viga and Grahl-Nielsen (1990) . The adipose tissue (approximately 20 mg) was transferred to thick-walled glass tubes. Anhydrous 3 M HCL in methanol, 0.7 ml, was added and the tubes were¯ushed with nitrogen to remove oxygen. The tubes were securely closed with screw caps and incubated at 100 C for 2.5 h. After cooling 1 ml 6% NaHCO 3 was added and the methyl esters were extracted with hexane. A small amount of Bondesil-NH 2 (Varian AB, Solna, Sweden) was added to remove trace amounts of unesteri®ed free fatty acids and unhydrolyzed mono-and diglycerides. The samples were vortexed and the solvent transferred to another tube, taken to dryness under nitrogen and redissolved in 2 ml of hexane. One microliter was injected into a Shimadzu GC-17A gas chromatograph equipped with an autoinjector AOC 17 and a¯ame ionization detector (Shimadzu Corp. Kyoto, Japan). A fused silica capillary column length 100 m, 0.25 mm i.d. was used (SP TM À2560, Supelco Inc., Bellefonte, PA, USA). The temperature program was as follows: the starting temperature of 130 C was held for 3 min, then raised at 5
Camin up to 180 C and kept at this temperature for 30 min and then raised at 6
Camin up to 193 C, where it was held for 85 min. Helium was used as the carrier gas with¯ow 1.3 mlamin. Column pressure was 250 kPa and splitless injection was used. Identi®cation of the different peaks was done by comparing the retention times to commercial standards and the percentage distribution was calculated using the Class GC-10 software (Shimadzu Corp., Kyoto, Japan). The intra-assay coef®cient of variation was found to vary between 2.1 and 4.5% for different fatty acids.
Dietary assessment
The habitual diet of the participants was assessed using a standardized and validated food frequency questionnaire developed at the Institute for Nutrition Research, University of Oslo (Nes et al, 1992) . The questionnaires were ®lled in during a 90 min interview with the participants. Total energy and fatty acid composition of the diet were calculated using the of®cial Norwegian food composition Group, 1998) . In this collaborative European study the fatty acid compositions of 95 different Norwegian food items were analyzed with special emphasis on the content of different trans fatty acid isomers.
Power calculation
It was estimated that a minimum number of 60 participants in each group would be necessary to show differences in trans fatty acids between the groups similar to those in the Norwegian part of the EURAMIC study (Aro et al, 1995) at a P`0.05 level and power at 80%. It was decided that 100 patients and a corresponding number of control subjects should be recruited in order to secure a suf®cient number of successful fat biopsies as well as dietary data.
Statistical methods
Summary statistics for all the measured variables were calculated for cases and controls. Differences in mean values or proportions between case and control groups were tested by Student's t-test or the chi-square statistics. Linear trend across quintiles among the control subjects was estimated by weighted linear regression. The mean values were introduced as the dependent variable and the quintiles as independent variables with values of 1 ± 5.
Odds ratios (OR, 95% con®dence intervals, and twotailed P-values) of ®rst myocardial infarction were estimated for the quintiles of the chosen fatty acid relative to the lowest quintile level by unconditional logistic regression. Data analysis was performed using the statistical package SPSS 7.0 (SPSS Inc., Chicago, IL). The distribution of total trans fatty acids, linoleic acid, a-linolenic acid and very long-chain n-3 fatty acids among control subjects was used to compute cut-off points for quintiles of exposure to these categories of fatty acids. The model included the following risk factors: age, sex, waist-to-hip ratio, current smoking and family history of coronary heart disease. The fatty acid was entered as a continuous variable along with other confounders, when testing for trend. Pearson's correlation coef®cients were used to evaluate correlations between intake of fatty acids and content in adipose tissue. P-values 0.05 were considered signi®cant.
Results
The prevalence of risk factors in MI cases and control subjects is shown in Table 1 . Waist-to-hip ratio, total cholesterol, HDL cholesterol, triglycerides, smoking, family history of CHD and length of education differed signi®cantly between cases and controls. The lower serum total cholesterol in cases is explained by the lowering of serum lipids after an acute MI (Ahnve et al, 1989; Aro et al, 1995) . The much larger difference between cases and controls in HDL cholesterol (31%) than in total cholesterol (8%), however, probably re¯ects a signi®cantly lower HDL cholesterol in the cases. The larger waist-to-hip ratio in cases was signi®cant both in men and women.
Adipose tissue fatty acids in patients and controls
With the methods used, about 40 different fatty acids could be identi®ed in the adipose tissue fat extracts ( Table 2 ). The identi®ed fatty acids made up about 99% of the total area of Adipose tissue fatty acids and myocardial infarction JI Pedersen et al the chromatograms. Several fatty acids differed in percentage content (ga100 g) between cases and controls. Only those fatty acids that are of exogenous, or almost exclusively of exogenous origin, and where a signi®cant correlation was found between dietary intake and adipose tissue content will be considered. A highly signi®cant correlation (P`0.01) between dietary intake and adipose tissue content was found for linoleic acid (r 0.492), a-linolenic acid (r 0.437), very long-chain n-3 fatty acids (r 0.573) and trans fatty acids (r 0.295). Linoleic acid, a-linolenic acid, 18:1 trans fatty acids, 20:1 trans fatty acids as well as total trans fatty acids were all signi®cantly higher in adipose tissue of the MI cases than of the controls. Eicosapentaenoic acid (EPA, 20:5n-3), docosapentaenoic acid (DPA, 22:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) were all signi®cantly lower in MI cases than in the controls.
Trans fatty acids, linoleic acid and a-linolenic acid were positively correlated with each other (Table 3) but not with total very long-chain n-3 fatty acids. Total very long-chain n-3 fatty acids were slightly inversely correlated with 18:1 trans fatty acids (Table 3) . None of the fatty acids were correlated with total energy intake.
Risk of MI and adipose tissue fatty acids
The OR adjusted for sex and age was signi®cantly reduced with increasing quintiles of very long-chain n-3 fatty acids (P for trend 0.001; Table 4 ). The trend remained signi®cant after further adjustment for waist-to-hip ratio, smoking and family history for CHD (P for trend 0.01. After adjusting for trans fatty acids the OR remained signi®cantly below one in the highest quintile (OR 0.17, 95% CI 0.04 ± 0.76, P for trend 0.02). Even if high density lipoprotein (HDL)-cholesterol was not related to adipose tissue fatty acids it was considered a potential confounder. After addition of HDL-cholesterol to the model the OR was signi®cantly reduced below one also in the fourth quartile (OR 0.25, 95% CI 0.02 ± 0.43). Education was correlated to smoking and control for length of education may therefore result in overadjustment. However, after addition of length of education to the model, the OR in the highest quintile remained signi®cantly below one (OR 0.14, 95% CI 0.03 ± 0.67). The odds ratio adjusted for sex and age was signi®cantly increased in the ®fth quintile of trans fatty acid content (Table 4) . Further adjustment for waist-to-hip ratio, smoking and family history of CHD widened the con®dence interval, but the trend was still signi®cant (P for trend 0.03).
Except for the lower odds ratios in the second and third quintiles, similar trends as for trans fatty acids were seen also for linoleic and a-linolenic acid (Table 4) . Since the adipose tissue content of these three fatty acid species was highly intercorrelated, the odds ratios for each fatty acid were further adjusted for the two others. After adjustment for linoleic acid or a-linolenic acid the trend in increased risk for increasing content of trans fatty acids was no longer signi®cant. After adjustment for trans fatty acids the trend for increased risk in the ®fth quintile of linoleic acid was no longer signi®cant (P for trend 0.08) and the OR drops below one after adjustment for a-linolenic acid (P for trend 0.67). When the OR in quintiles of alinolenic acid are adjusted for trans fatty acids or for VLCn-3 (very long-chain n-3 fatty acids) sum of 20:4n-3, 20:5n-3, 22:5n-3 and 22:6n-3.
Total trans sum of all identi®ed trans fatty acids.
Adipose tissue fatty acids and myocardial infarction JI Pedersen et al linoleic acid the OR of the ®fth quintile are slightly reduced and the trends are no longer signi®cant (P for trend 0.08 and 0.32, respectively). In all three cases, a model that included the two other fatty acids at the same time did not provide any extra information (not shown).
Discussion
The myocardial infarction patients in this retrospective study had higher levels of trans fatty acids, a-linolenic and linoleic acid, and lower levels of very long-chain n-3 fatty acids in their subcutaneous fat tissue than healthy control subjects of similar age and sex. The subcutaneous fatty acid composition re¯ects the long term dietary intake over periods of years prior to the sampling (Katan et al, 1997) . It is therefore most unlikely that the reported associations should be due to changes in dietary habits due to the cardiac event, especially as all the patients except two were completely unaware of having coronary heart disease prior to the episode which led to inclusion in the study. The dietary habits recorded among patients and controls showed a fat intake pattern which was highly compatible with the fatty acid composition of the subcutaneous fat tissue, and highly signi®cant correlations between dietary linoleic, a-linolenic, trans and very long-chain n-3 fatty acids and the content in adipose tissue were found. Furthermore, the control subjects had a higher intake of very long-chain n-3 fatty acids (mainly as ®sh and cod liver oil) as well a lower intake of margarine high in trans fatty acids, linoleic and a-linolenic acid. The strong intercorrelations between these last three fatty acids (Table 3) are a clear indication of a common source, most probably margarine. The control subjects were chosen among friends and relatives of the patients, as well as other available persons from the same area, but had only to be free of known diseases and be of the same age and sex. They had on average 3 y more education than the patients, and only 20% Adjustedfor sex, age, waist ± hip ratio, smoking, family CHD-history and a-linolenic acid. f Adjusted for sex, age, waist ± hip ratio, smoking, family CHD-history and a-linoleic acid. Very long-chain n-3 fatty acids and total trans fatty acids as given in Table 3 .
Adipose tissue fatty acids and myocardial infarction JI Pedersen et al were smokers. A previous study of a random sample of the Norwegian population showed that in an age group comparable to ours 29% of the men were smokers and the mean length of education was 10.4 y (Johansson et al, 1997) . Our control subjects thus had a slightly lower number of smokers and more education than expected. Smoking and waist-to-hip ratio were adjusted for, but not other health related factors associated with education. To control for education together with smoking may be considered unreasonable as the association between smoking and education is quite strong. Adjustment for length of education in addition to smoking did not alter the odds ratio in the highest quintile of VLC n-3 fatty acids but this does not completely exclude the possibility that part of the associations found may be related to other factors associated with education. The difference in educational length between the cases and the controls in our study re¯ects the striking social gradient in risk for coronary heart disease which has been observed in Norway as well as other parts of Europe (Jenum et al, 1998; Lynch et al, 1996) . No morbidity data are available in Norway, but a recent analysis of the use of health services, risk factor distribution and mortality rates suggests that there is a considerably lower incidence of coronary heart disease in the more educated population segments (Jenum et al, 1998) . Thus, any sampling of patients with myocardial infarction is likely to result in a population with less education than a healthy control group. There is also a strong social gradient with regard to food habits corresponding to what was observed in the present study (Johansson et al, 1999) . The most marked ®nding in this study was the signi®-cant reduction in odds ratio associated with a high content of VLC n-3 fatty acids in adipose tissue. Epidemiological studies on the associations between intake of VLC n-3 fatty acids or ®sh consumption have given inconsistent results. Several prospective observational studies (Kromhout et al, 1985 (Kromhout et al, , 1995b Daviglus et al, 1997 ) and a randomized intervention study (Burr et al, 1989) have shown that low intake of VLCn-3 fatty acids or ®sh compared to no intake is associated with reduced mortality of CHD. Several other prospective studies have not shown any protective effects of ®sh consumption (Ascherio et al, 1995; Morris et al, 1995; Pietinen et al, 1997) . The lack of consistency may re¯ect the large measurement error inherent in dietary studies. Somewhat more consistent results have been obtained when the content of VLCn-3 fatty acids in blood or tissue samples has been used as markers for intake of these fatty acids. Eicosapentaenoic acid in serum phospholipids was found to be signi®cantly lower in male subjects who sustained a myocardial infarction compared to controls (Miettinen et al, 1982) . Wood et al (1987) found lower content of docosahexaenoic acid in adipose tissue of MI patients than in that of controls and also an inverse relation between platelet membrane eicosapentaenoic acid and risk of angina pectoris. In more recent case ± control studies serum phospholipid VLCn-3 fatty acids were inversely related to risk of myocardial infarction (Simon et al, 1995) and red cell membrane VLCn-3 fatty acids inversely related to risk of primary cardiac arrest (Siscovick et al, 1995) . In an autopsy study an inverse relation was found between degree of coronary atherosclerosis and content of docosahexaenoic acid in adipose tissue (Seidelin et al, 1992) . Only in one prospective study has no association been found between biological markers for intake of VLCn-3 fatty acids (content in serum cholesterol esters and in phospholipids) and incidence of myocardial infarction (Guallar et al, 1995) . In the recent European multicenter case ± control (EURAMIC) study, also no overall association was found between adipose tissue content of DHA and risk of myocardial infarction (Guallar et al, 1999) . In the Norwegian population of that study, however, an inverse association was found. The main difference between that study and the one reported here is the higher level of VLCn-3 fatty acids in the present study. Only DHA (22:6n-3) was used as indicator of intake in the EURAMIC study. In our study DHA made up about half the total amount of very-long-chain n-3 fatty acids. When this is taken into consideration it is seen from the cut-off values given that the highest quintile in the EURAMIC study corresponds closely to the third quintile in this study.
Very high correlations between intake of VLCn-3 fatty acids and the content in adipose tissue have been found (Tjùnneland et al, 1993) . Adipose tissue VLCn-3 fatty acids probably give a better estimate of the long-term exposition to these dietary components than a single food frequency questionnaire, which is the method generally employed to obtain information on food intake in epidemiological studies. Errors due to recall bias, underreporting, recent changes in dietary habits etc may thus be minimized. On this basis we tend to conclude that, in the relatively high-risk population of this study (cf mean serum cholesterol in controls, Table 1 ), intake of VLC-n-3 fatty acids reduces the risk of myocardial infarction. There are many plausible mechanisms for a cardioprotective effect of VLCn-3 fatty acids: these fatty acids may reduce serum triglycerides (Harris, 1997) , reduce blood pressure (Bùnaa et al, 1990) , reduce platelet aggregability (Von Schacky & Weber, 1985) and may also have an antiarrythmic effect (Siscovick et al, 1995; Leaf & Kang, 1996) .
The upper quintile of trans fatty acids was associated with increased risk of MI. This is in line with three prospective studies (Pietinen et al, 1997; Willett et al, 1993; Hu et al, 1997) and one case ± control study (Ascherio et al, 1994) where a positive association between intake of trans fatty acids and risk of myocardial infarction has been found. In studies where the amount of trans fatty acids in adipose tissue or serum lipid fractions have been used as markers of intake, the results are inconsistent. A positive association between amount of trans fatty acids and coronary heart disease has been found in some studies (Thomas et al, 1983; Siguel & Lerman, 1993) but not in others (Roberts et al, 1995; van de Vijver et al, 1996) . In the large European multicenter (EURAMIC) study no overall association was found between adipose tissue trans fatty acid content and risk of MI (Aro et al, 1995) . It should be noticed, however, that both in the Finnish and the Norwegian study populations signi®cant positive associations were found with OR of 5 in the highest quartile compared with the lowest. Also, after exclusion of the cases (24% of the total number) and controls from the two Spanish centers, all in the ®rst quartile of the distribution, the odds ratio for MI in the third quartile was signi®cantly higher than in the lowest. Even if the results of this study suggest that the intake of trans fatty acids may not be a dominating risk factor, it cannot be excluded that it may be a contributing factor at a high level of intake. It is now well documented that trans fatty acids increase LDL cholesterol, decrease HDL cholesterol and increase lipoprotein (a) (Lichtenstein, 1998) , all factors associated with increased risk of coronary heart disease.
Increased odds ratio was also found in the highest quintile of intake of both linoleic and a-linolenic acid. The amounts of these three groups of fatty acids were signi®cantly correlated (Table 3) , indicating a main common source Ð in the dietary survey found to be margarine (unpublished). It is thus possible that a confounding factor related to margarine intake may underlie the associations with trans fatty acids as well as with linoleic and alinolenic acid. Polyunsaturated fatty acids due to their cholesterol-lowering effect are generally considered to be bene®cial in relation to CHD. This view is supported by epidemiological data (Hu et al, 1997) and at the population level the decrease in CHD mortality in North America, Australia and Europe has occurred concomitant with an increased consumption of vegetable oils at the expense of animal fat. It cannot be excluded, however, that very high intakes of these two polyunsaturated fatty acids may be associated with increased risk, as has been found in some studies (Blankenhorn et al, 1990; Hodgson et al, 1993) . Even if they lower serum cholesterol, they are easily oxidized and may thus promote oxidative modi®cation of low density lipoproteins implicated in the genesis of atherosclerosis (Witztum & Steinberg, 1991) . Results from the large health professionals follow-up study (Ascherio et al, 1996) and from the Nurses Health Study (Hu et al, 1997) indicate that intake of a-linolenic acid is inversely related to risk of myocardial infarction. The median intakes of a-linolenic acid in the ®fth quintile of these studies were 1.5 and 1.36 gaday, respectively Ð far below a median intake of 1.7 gaday for the entire patient group in our study (unpublished) . In one secondary intervention study a Mediterranean-like a-linolenic acid-rich diet was found to be ef®cient in preventing recurrent myocardial infarction (de Lorgeril et al, 1994) . Again it should be noted that the intake of a-linolenic acid in the Norwegian population is probably higher than in the Mediterranean region due to the high consumption of soybean oil-based margarine. This is re¯ected in the high proportion of a-linolenic acid in adipose tissue reported here. In the EURAMIC study the content of a-linolenic acid in adipose tissue of the Norwegian subjects was higher than in any other of the European centers, eg three times higher than in the subjects of the two Spanish centers (Bakker et al, 1997) . It was not reported if the inreased risk associated with trans fatty acids in the Finnish and Norwegian study populations in the EURAMIC study (Aro et al, 1995) remained after adjustment for linoleic or alinolenic acid. It can be speculated that, at such high levels, any bene®cial effects of a-linolenic acid (reduction in serum cholesterol, precursor to long-chain n-3 fatty acids) may be outweighted by some unfavorable effects, eg its proneness to oxidation.
The possibility that the intake of trans fatty acids from partially hydrogenated ®sh oils might carry an increased risk of coronary heart disease was raised in the 1970s, when it was observed in an English autopsy study that patients who died from cardiovascular disease were found to have a higher level of C16:1trans fatty acids (and also C18:1trans fatty acids) in their fat tissue than patients dying from other causes (Thomas, 1992) . C16:1trans is typical of partially hydrogenated ®sh oils in addition to very long chain trans fatty acids like C20:1trans and C22:1trans. These very long-chain trans fatty acids were not determined in the EURAMIC study and it cannot be excluded that the calculated relative risks associated with trans fatty acids might have been underestimated, in particular in the Norwegian and Dutch populations where partially hydrogenated ®sh oil has been an important ingredient in margarine production. In a previous study we have shown that partially hydrogenated ®sh oil has at least as unfavorable an effect on blood lipids as butterfat, raising LDL cholesterol and Lp(a) and reducing HDL cholesterol (Almendingen et al, 1995) . In this study no difference was found in content of C16:1trans between cases and controls. C20:1trans and C22:1trans were higher in cases than in controls but the contents were very low. The lower than expected content of these trans fatty acids may be related to the fact that margarine industry in recent years has reduced the use of partially hydrogenated ®sh oil in margarine. Whether the calculations of odds ratios were based on only the dominating C18:1trans isomers or sum of trans fatty acids, the results were the same. Thus, the relatively small amount of very long-chain trans fatty acids does not appear to add appreciably to the risk.
In conclusion, the results from this case ± control study are consistent with a decreased risk of myocardial infarction with increasing content of very long-chain n-3 fatty acids in adipose tissue. The content of trans fatty acids, linoleic and a-linolenic acid was associated with increased risk. These three fatty acid species are intercorrelated because of a common main source, probably margarine. The increased risk may be connected to trans fatty acids, although it cannot be totally excluded that also very high intake of linoleic andaor a-linolenic acid may be related to increased risk, nor can some other confounding factor associated with margarine consumption be excluded.
